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Claims 

[d] An atomic layer deposition system comprising: 

a) a deposition chamber; 

b) a first reaction chamber that is positioned in the 
deposition chamber and that contains a first reactant 
species, a monolayer of the first reactant species be- 
ing deposited on a substrate passing through the 
first reaction chamber; 

c) a second reaction chamber that is positioned in 
the deposition chamber, the second reaction cham- 
ber containing a second reactant species, a mono- 
layer of the second reactant species being deposited 
on a substrate passing through the second reaction 
chamber; and 

d) a transport mechanism that transports a substrate 
in a path through the first reaction chamber and 
through the second reaction chamber at a constant 
transport rate, thereby depositing a film on the sub- 
strate by atomic layer deposition, 

wherein a shape of at least one of the first and the 
second reaction chambers is chosen to achieve a 
constant exposure of the substrate to a respective 
one of the first and the second reactant species when 



the transport mechanism transports the substrate in 
the path through the respective one of the first and 
the second reaction chamber at the constant trans- 
port rate. 

[c2] The deposition system of claim 1 wherein a first and a 
second radial edge of at least one of the first and the 
second reaction chambers is aligned to a center of the 
deposition chamber. 

[c3] The deposition system of claim 1 wherein at least one of 
the first and the second reaction chambers is formed in 
the shape of a trapezoid. 

[c4] The deposition system of claim 1 further comprising a 
processing region that is positioned in the deposition 
chamber, a surface treatment being performed on a sub- 
strate passing through the processing region. 

[c5] The deposition system of claim 1 wherein at least one of 
the first reaction chamber and the second reaction 
chamber comprises a plasma generator, the plasma gen- 
erator generating a plasma in the at least one of the first 
and the second reaction chambers for plasma enhanced 
deposition. 

[c6] The deposition system of claim 1 wherein at least one of 
the first reaction chamber and the second reaction 



chamber comprises a seal that is chosen from the group 
comprising a sliding seal, a corrugated seal, and a gas 
curtain. 

[c7] The deposition system of claim 1 wherein at least one of 
the first reaction chamber and the second reaction 
chamber comprises a differentially pumped interface. 

[c8] The deposition system of claim 1 wherein the first reac- 
tion chamber comprises a first gas injection manifold 
and the second reaction chamber comprises a second 
gas injection manifold, the first and the second gas in- 
jection manifolds providing a respective one of the first 
and second reactant species to the first and the second 
reaction chambers. 

[c9] The deposition system of claim 1 wherein the first reac- 
tion chamber and the second reaction chamber transport 
relative to the substrate. 

[do] An atomic layer deposition system comprising: 

a) a deposition chamber; 

b) a first reaction chamber that is positioned in the 
deposition chamber, the first reaction chamber con- 
taining a first reactant species, a monolayer of the 
first reactant species being deposited on a substrate 
passing through the first reaction chamber; 



c) a second reaction chamber that is positioned in 
the deposition chamber, the second reaction cham- 
ber containing a second reactant species, a mono- 
layer of the second reactant species being deposited 
on a substrate passing through the second reaction 
chamber; 

d) a processing region that is positioned in the depo- 
sition chamber, a surface treatment being performed 
on a substrate passing through the processing re- 
gion; and 

e) a transport mechanism that transports a substrate 
in a path through the first reaction chamber, through 
the second reaction chamber, and through the pro- 
cessing region, thereby depositing a film on the sub- 
strate by atomic layer deposition. 

[d 1] The deposition system of claim 10 wherein a shape of at 
least one of the first and the second reaction chambers 
is chosen to achieve a constant exposure of the sub- 
strate to a respective one of the first and the second re- 
actant species when the transport mechanism transports 
the substrate in the path through the respective one of 
the first and the second reaction chamber at a constant 
transport rate. 



[d2] The deposition system of claim 10 wherein at least one 
of the first reaction chamber and the second reaction 



chamber comprises a plasma generator, the plasma gen- 
erator generating a plasma in the at least one of the first 
and the second reaction region for plasma enhanced de- 
position. 

[d3] The deposition system of claim 10 wherein at least one 
of the first reaction chamber and the second reaction 
chamber comprises a seal that is chosen from the group 
comprising a sliding seal, a corrugated seal, and a gas 
curtain. 

[d4] The deposition system of claim 10 wherein at least one 
of the first reaction chamber and the second reaction 
chamber comprises a differentially pumped interface that 
maintains a partial pressure in the at least one of the 
first and the second reaction chambers. 

[d5] The deposition system of claim 10 wherein the first re- 
action chamber comprises a first gas injection manifold 
and the second reaction chamber comprises a second 
gas injection manifold, the first and the second gas in- 
jection manifolds providing a respective one of the first 
and second reactant species to the first and the second 
reaction chambers. 

[d6] The deposition system of claim 15 wherein a shape of a 
respective one of the first and the second gas injection 



manifolds is chosen to provide a substantially constant 
flow of reactant species as the substrate passes through 
a respective one of the first and the second reaction 
chambers. 

[d7] The deposition system of claim 10 wherein the process- 
ing region is formed in a shape that causes a substan- 
tially constant exposure of the surface treatment being 
performed on the substrate passing through the pro- 
cessing region. 

[d8] The deposition system of claim 10 further comprising a 
plasma generator that generates a plasma in the pro- 
cessing region, the substrate passing through the pro- 
cessing region being exposed to the plasma, thereby 
performing the surface treatment. 

[d9] The deposition system of claim 18 wherein the plasma 
generator comprises a magnetron that sputters a metal 
layer on the substrate passing through the processing 
region. 

[c20] The deposition system of claim 18 wherein the plasma 
generator comprises a downstream plasma generator 
that is remotely located relative to the deposition cham- 
ber. 

[c21] The deposition system of claim 10 further comprising an 



ion gun that generates an ion beam in the processing re- 
gion, the ion beam striking the substrate passing 
through the processing region, thereby performing the 
surface treatment. 

[c22] The deposition system of claim 10 further comprising an 
electron gun that generates an electron beam in the pro- 
cessing region, the electron beam striking the substrate 
passing through the processing region, thereby per- 
forming the surface treatment. 

[c23] The deposition system of claim 10 further comprising an 
UV radiation source that generates UV radiation in the 
processing region, the UV radiation striking the sub- 
strate passing through the processing region, thereby 
performing the surface treatment. 

[c24] The deposition system of claim 10 further comprising a 
substrate support that supports the substrate as the 
transport mechanism transports the substrate in the 
path through the first reaction chamber, through the 
second reaction chamber, and through the processing 
region. 

[c25] The deposition system of claim 10 wherein the first re- 
action chamber, the second reaction chamber, and the 
process chamber are transported relative to the sub- 



strate. 

[c26] The deposition system of claim 10 further comprising a 
third and a fourth reaction chamber that are positioned 
in the deposition chamber. 

[c27] The deposition system of claim 26 wherein the third re- 
action chamber contains the first reactant species and 
the fourth reaction chamber contains the second reac- 
tant species, a monolayer of the first reactant species 
being deposited on a substrate passing through the third 
reaction chamber and a monolayer of the second reac- 
tant species being deposited on a substrate passing 
through the fourth reaction chamber. 

[c28] The deposition system of claim 26 wherein the third re- 
action chamber contains a third reactant species and the 
fourth reaction chamber contains a fourth reactant 
species, a monolayer of the third reactant species being 
deposited on a substrate passing through the third reac- 
tion chamber and a monolayer of the fourth reactant 
species being deposited on a substrate passing through 
the fourth reaction chamber. 

[c29] The deposition system of claim 10 wherein the transport 
mechanism transports a substrate in the path at a sub- 
stantially constant rate. 



[c30] The deposition system of claim 10 further comprising a 
port for transporting a substrate into and out of the de- 
position chamber. 

[c31] The deposition system of claim 10 wherein a pressure in 
the deposition chamber is chosen to direct reactant gas 
and by-product gases away from the first reaction 
chamber and the second reaction chamber. 

[c32] a method of atomic layer deposition, the method com- 
prising: 

a) transporting a substrate through a first reaction 
chamber containing a first reactant species, thereby 
forming a monolayer of the first reactant species on 
the substrate; 

b) transporting a substrate through a second reaction 
chamber containing a second reactant species, 
thereby forming a monolayer of the second reactant 
species on the substrate; and 

c) transporting a substrate through a processing re- 
gion, thereby performing a surface treatment on the 
substrate. 

[c33] The method of claim 32 wherein the transporting the 
substrate through the processing region is preformed 
before the transporting the substrate through the first 



reaction chamber and before the transporting the sub- 
strate through the second reaction chamber. 

[c34] The method of claim 32 wherein the transporting the 
substrate through the processing region is preformed 
after one of the transporting the substrate through the 
first reaction chamber and the transporting the substrate 
through the second reaction chamber and before the 
other of the transporting the substrate through the first 
reaction chamber and the transporting the substrate 
through the second reaction chamber. 

[c35] The method of claim 32 wherein a substrate is trans- 
ported through at least one of the first and the second 
reaction chambers at a substantially constant rate. 

[c36] The method of claim 32 wherein the transporting the 
substrate through the processing region comprises ex- 
posing the substrate to a plasma. 

[c37] The method of claim 32 wherein the transporting the 
substrate through the processing region comprises ex- 
posing the substrate to an ion beam. 

[c38] The method of claim 32 wherein the transporting the 
substrate through the processing region comprises ex- 
posing the substrate to electron beam radiation. 



[c39] The method of claim 32 wherein the transporting the 
substrate through the processing region comprises ex- 
posing the substrate to UV radiation. 

[c40] The method of claim 32 wherein the transporting the 
substrate through the processing region comprises ex- 
posing the substrate to a non-reactive gas. 

[c41] The method of claim 32 wherein the transporting the 
substrate through the processing region modifies a 
sticking coefficient on a surface of the substrate. 

[c42] The method of claim 32 wherein the transporting the 
substrate through the processing region activates a re- 
action on a surface of the substrate. 

[c43] The method of claim 32 wherein the method of atomic 
layer deposition deposits a seed layer on the surface of 
the substrate for sputter deposition. 

[c44] An atomic layer deposition system comprising: 

a) means for transporting a substrate through a first 
reaction chamber containing a first reactant species, 
thereby forming a monolayer of the first reactant 
species on the substrate; 

b) means for transporting a substrate through a sec- 
ond reaction chamber containing a second reactant 
species, thereby forming a monolayer of the second 



reactant species on the substrate; and 
c) means for transporting a substrate through a pro- 
cessing region, thereby performing a surface treat- 
ment on the substrate. 



